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Ab,vitwd

I ]ardacss  Assurance (1 1A) techniques aacl total dose radia-
tion Charactcrizatioa  data for new gcncraiion  linear ancl W-I’S
clcviccs from various maaufactarcr  are prcscntccl.  A bipolar op
amp showed si. gnificaat clcgradation  at 111)1{, not at low doscratc
cavironmcnl.  Ncw gcacra[  ioa Iow-pmvcr  op amps showed mot-c
clcg,r:iclation at low voltage applications. 1 IA (CS(  tcchaiqucs for
(U’1 ‘S dcviccs arc Jwcscnled  in this paper.

1. lntrochclicm

Ncw Millennium Program (NM I’) is now in progress at JP1,.
‘1’hc firs[ of many deep space missioas to bc flown by the year
2000 under Ihc Ncw Millennium technology validation cfforl
will fca[urc a 1998 launch of a small spacecraft destiacd for a
flyby ofaa asteroid aad a comet. ‘1’hc  new lighter and chcapcr
spacccraf[  will demonstrate a variety ofadvanccd  technologies
that help caablc many deep space aad near llarth missions
cavisionccl by NASA for flight early ia the next century. ‘1’hcsc
miaiaturimcl spacecraft will rely heavily oa ccm}mercial-off  -
lhc-shelf (UN’S)  dcwiccs rather that) high reliability radiatioa
hardened tcchno]ogy dcviccs that were USCC1 for former clccp
space  missions. IH order to usc CXY1’S devices, harclacss
assurance ar~cl radiation testing methods that have bcca USCC1  ia
the past [ 1 -S] must bc rccvaluatcd to make sure that they arc
:ipplicahlc to the range of commercial tcchaologics that arc
ccmsiclcrccl for Ncw Millennium.

Rccmtly  many different CXY1’S dcviccs including ncw
gcncrat ion liacar clcviccs from various manufacturers have been
radiation tested, ‘1’cst results inciicatcd  that Ml[ ,-S’1’1)-883
Melhocl 1019.4 works for many conventional CMOS dcviccs.
1 Imvcvcr,  i( appears to fail for IliCMOS dcviccs aad also fails for
many bipolar clcwiccs. “1’hc considcrab]c  variation ia radiaticm
scasitivity ofncw gcncra[ioa low-power high-precision Iinrcar
clcwiccsmalccslhc cvaluatioa ofthcscclcviccs exlrct])cly clifficllll
during  parl selection for space project applications. ‘lhis paper
shows harclncss assurance lest Icsa]ts  for various CW’I’S  devices.
Altcraativc  hardness assurance techniques for COrl’S dcviccs
arc prcscntccl  in this J>apcr for space applications.

11. 1 ]atdncss Assurance (} 1 A) ‘J’mt RcsLIhs

1. A 1X347 (Izow I’owc?r @ Amp)

‘Illc AI>847 is a high-speed, low-power monolithic opcra-
tioaal amplifier ([)p Amp) which is fabricated with Analog
I)cviccs (AI)l) junc[icm-isolated ccmplcmcntary-bipolar  (Cl])
process, 1,ascr wrafcr trimmiag is used to rcducc the iaput offset
voltage. ‘1’hc  maximum specification input offset voltage is 1
mV at room tcmpcraturc,  and 3.5 mV over commercial tcmpcra-
t arc ranp,c.

I)uring high dose rate (1 11)1{),  25 rad(Si)/s  tcstiag, the input
offset voltag,c degraded scvctcly at very low radiatioa ICVCIS  as
shown in l;igure 1. l’hcsc changes were so Iarp,c -20 to 30 nlV
at radiation Ievcls above 10 kracl(Si)  - t}~at circuit failure would
malt ia many applications, {Jabiascd dcvicxx  show very little
degradation up to the final total dose lCVCI of 30 krad(Si).  ‘l’he
large chaages ia offset voltage rccovcred after irracliatioo, whco
the aancaliag  was clone at room tcmpcraturc and high tca~pcra-
turc. ‘1’his is much different than the behavior of other bipolar
linear circuits whick exhibit little or no aancaling, and much less
difference bctwcea biasccl and unbiased results. la contrast with
the biased offset voltage results in l;igure 1, unlike most bipolar
op-amps,  input bias currcmt  showed insignificant dcgradatioa.

‘Icstiag, at 0.002 rad(Si)/s  was conducted to observe low
dose rate (1 ,1)1<) effects on this linear dcvicc.  I)cviccs were
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.,
. imcliatccl to 30 kracl(Si) and tbc inpu( offset volttigc changed

only a fcw tcntl Is of a millivolt as shown in IJig,ute 1. All otbcr
p:iramclcrs  sbowccl insignificant dcg,radalion  at 30 kracl(Si)
cluring IIIC  low close rate testing. It could bc prcclictcd  that duc
to the fasl annealing c}laractcristic,  this dcvicc should pctform
bctlcr RI 1,1)1{.  } lcswcvcr, this is a bipolar Iincar dcvic.c not a
(:M[)S clcvicc, and tbc mechanism for tbc Iar.gc cbangc in offset
wl[agc  ciuting 111)1{  testing is a ncw cffcc[  cm bipolar family of
dcviccs. ‘1’bc slucturc of tbc base-cmitlcrjunction is little
cliffcrcnt  than tt~oseafl_cctcd  by I,I)R irradiation. f~ven though
the it has ra[bct thick base-cmit[crjunction, tbc structure looks
qui(c diff’ercnt. ‘I’bc junction istappcrcd  sharply to tbc Siol
emitter.

2. A 1>101’284 (1.OMI l~oltqy~ 0/) At)lp)

01)284  is a ncw generation of rail-to-rail op amp thal
opcra(cs  with a single power supply. ‘1’bis low voltage and
precision opampis specially at[ractivc  to circuit dcsigncrsof
power sensilivc syslcms such as Ncw Millennium ]Yogtam,
‘1’his op amp can bc operated at 3V and 5V single power supplies
and also conventional 2 15V applications.

‘I’otal doscirradia(ion  at 100racl(Si)/s  waspcrforn~edand
cicviccs were biased with a sil~glcpo~vcrstl}~~>ly,  5V. Offsct
voltage and input bias currcnts wcrcmos[  sensitive paramctcrs.
Offsct voltap,cs at three different supply voltages were mc.asurcd
aflcr cacb irradiation and shown in l~ip, arc 3. Significant
degradation was observed at Iowcr  voltage applications, the
ofrsct vollap,c cxcccdcd  tbc specification limit (200 uA) at below
I O krad(Si),  I Iowcvcr,  tbc offset voltage al 15V application
sbowcd that clcviccs were witbin tbc specification limit up to the
total dose Icvcl of about 90 krad(Si).

input bias curtcnt also dcgraclcd  significantly for all tbrcc
supply voltages, it cxcccdcd tbc spccitlcation limit (500 nA) at
bclmv 1() kt:id(Si)  and gradually incrcascd  to 2300 nA at 100
krtid(Si). ‘1’hcsc  arc ncw results on tbesc family of bipolar op-
amps with high dose r’atc irradiation. ‘1’bis much scvcrc clc.gra-
datioll was not observed with old conventional, high power
bipolar op-amps.
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Offsct voltage degradation of 1,“1’1 211 clual op-
amp at tbrcc cliffcrcnt  power supply VOltii~CS

cluring,  } 1[)1{,  100 rad(Si)/s,  irradiation.

this clcvicc was manufactured for low voltap,c
applications, a test was conducted to find tbc lowest supply
voltage that dcvicc woulcl bc still functional. “1’hc lowest
operational supply voltage was 1.9 V ancl the functional supply
voltage remained at 1.9 V with tbc total dose level up to tbc 100
krad(Si).

3.1.7’1211 ( ,Vitrgle ,Vuppiy  Ihiai I’tvcision  {)p Amp)

A similar clcvicc,  1,’1’1211, low voltage o[)-amp,
manufacutcrcd  by 1,incar ‘1’ccbnolgy (1 ,’1’) was tested and biased
with 5V during irradiation. ‘1’bis oJ> amp is specificc{ of I single

3.3V, single SV ancl i 15V supply voltages. It operates on a
supply vo]ta~c greater than 2.5V and requires only 1.3 n]A of
quicsccnt  supply current pcr op amp. Offset volatgc degraded
similar fashion as the previous Al)] 01’284  ancl S}1OWCCI more
clcgradation  at lower voltages 3V and 5V as shown in };igurc 4.
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l;igurc 5. input bias current clcgraclation  of 1,’1’1211 dual
op-amp  at three c!ifrcrcnt  supply voltages
cluring 1 11)1{,  100 racl(Si)/s,  irraclia!ion.



‘1’his  cicvice has excc]]cnt dc prccisicsns  ant] it fea(urcs  low
inpu(  offsc[  voltage, inpu( offset corrcnt,  and input bias cttrrcnl.
I lmvcvcr,  [h is ncw g,mcrat  ion low-pmvcr high-precision op amp
showed siilp,nificant degradation with a high close rate irradia-
tion compared to the old cmvcnticmal op-amps.  “1’hc inpui bias
currcn{ clcgraclcd significantly at bclovv 5 krad(Si)  as shown in
l“igurc S and rcachccl almost 3000 nA at 100 krad(Si) during
I II)]< tcsling of 100 racl(Si)/s.

4, l,MC ‘6462  (I)wil  Mictqmww  CA!O,T  Op Attl~I)

‘1’l)c National Scmiconducksrs  1,MC6462 is a micropowcr
version of the conventional 1,MC6482.  l’his clcvicc is gaaraa-
lcccl specifications a[ 3V and SV low vollagc  applications. ]nput
CIIITCII1  of 150 fA and low input csffsct voltage of 0.25 mV arc
ach icvcd with CMOS atchitcc(urc.

ofl’set voltage cxc.ccdccl the specification limits below 10
krad(Si) ancl continually increased up to the to[al CIOSC Icvcl of
15 !irad(Si) as shown ii] P’igure 6. At that total dose Icvcl, the
dcvicc was no Ion.gcr functional. ‘1’he  output high paramc[cr
could not bc measured bccausc the ootpo(  was s(ack at low.
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l;igurc 6. Comparison of inpol offset voltage of 1,MC6462
CMOS op-amp at 3V and 5V supplies and
anllcalinp,.

110WCVCI, d[lc to the low voltage feature, the offset voltage ofthc
CSp :il~~l>~iasa [>lctol~~casl]rc  aftcrthc  dcvicc failorc. l;vca though
!hc offset voltages wilh 3V mcasurcmcnts rccovcrccl  after 24
hours :inncaling, at room tcmpcratarc,  the functionality of the
oulpu(  clicl not rccovcr a{ all. “1’hc offset voltage at 5V did not
sl]ow much annealing aflcr room temperature annealing and the
output was still stack low ancl the op amp was non-functional.

‘1’hc  inpul bias current showed similar rcponscs  at both 3V
ancl 5V supplies iind annealed with room tcmpcraturc as shown
in I;igorc 7. ‘1’hc output s[uck at low Icvcl at 15 krad(Si) ancl
cicviccs were 11{)11-fl]t]ctiotlal.

‘Ibis  CMOS op amp also showed more dcgraclatioa at 3V,
Iowcr  voltage than SV supply voltage. ‘1’his  is a consistent Tcs.olts
observed with bipolar low voltage op amps t}lat previously
discussed. It seems that regardless of tcchno]ogics,  total dose
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clcgradat iotl is more scvcrc at lower voltages. ‘1 ‘h is ncw response
is sonlcwhal  disturbing for the ncw age, low-power small space
Systems.

“1’hc offset voltage vcrsos supply voltage was mcasarcd to
verify the Iowcst  voltage the dcvicc  would bc still functional and
it is shown in ];igurc 8. ‘Il]c Iowcst  operational supply voltage
was about 2.1 V. I lowcvcr as the total dose radiation ICVCI
incrcascs  the input offset voltage continuously incrcascd  oatil
dcviccs  bccamc  non-functional at 15 krad(Si).

5. 01’42 (Bipolw Op A wp with JIW’  itlplit)

01)42 is a bipolar 0p Amp with a J1’1i’1’ inJmt stage. The
input offset vohagc clcgraded significantly more at 1,1)]< of O.005
rad(Si)/s comparccl  to the intcrmcdiatc  CIOSC rate of 0.124
rad(Si)/s.  The change in input offset voltar,c is approximately
a factor of four grcatcrat low dose ratcand it is shown in Pigarc 9.

‘1’his is consistent with rcsolts  for dose rate sensitivity of
bipolar op amps. Most other parameters were within specifica-
tion limits at 25 kracl(Si). }Iowcvcr, this is not sufficient to
determine whether the dcvicc would be CVCII more sensitive to
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IFig,urc  9. Compariscm of iaput of~sct volla.gc at
interlncctiatc and low ctosc rates for 01)42.

the input offset  vollagc changes at much lower dose rates. Very
low dose ralc (V1 ,1)1{)  testing of 0.001 ract(Si)/s  is in progress to
furlhcr  iavcs(igatc ck+yactatioa of the offset voltage aad the
rcsul(s will bc inc]udcct in the final paper.

6. MX674A (l~iCA4[L$’  12-bi[  AD[J

‘1’his Maxim 12-bit A/I) converter is fabricatcct with a
lliCMOS process. A number of different tests were pcrformcct
on this dcvicc, usiag a wictc raa.gc of ctosc rates. “1’his  is a
complex clcvicc which coatait]s  bipolar aact MOS circuit clc-
mcnls. ‘1’hc  total dose radiation failure Icvcls  and failure modes
of the coavertcr  arc quite difrcrcat uadcr diffcrcat dose rate
coadilim]s  as showw ia Iiigure  10. It appears that MOS-rclatcci
mccbanisms  ctomiaatc tbc dcvicc response at high dose rates,
while bipolar related mechanisms domiaatc at low dose rates.

At high dose ralc, a gt”adual iacrcase ia tri-state leakage
currcat was chscrvcd, followed by functional failure al 20-22
krad(Si).  ] 6] ~:omplclc rccovcry occumcl  whct~ devices were
annealed al 100 O[:. ‘1’csts  at 0.1 rad(Si)/s  appeared to bc
coasistcat  with  tbc rmults  at high dose rate. ‘1’he failure lCVC1

(itddual  inclcasc  ill Ili-sla(c  Icaka[!c
ctIIIe811  fdlmwd  1).s  futlclimal  ~~ilute.
I)c\,iccs  lccovct aflcr  allncalillg at 100 (’.
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l~igurc lo. MX674A lliCMOS AI)C l: Ul~C-
ticmal failure Icvcls at various C1OSC rates.

iacrcascct  to ICVCIS above 27 krad(Si),  which would bc cxpcctcd
bccausc  of aaacaliag  characteristics of CMOS compoacats.

Ncw tcs( results at VI,1  )1{ showed that fuact ional failure
occurred abruptly between 6 and 7 krad(Si).  No electrical
parameters changccl prior to failure irl the VI ,1)1{ tests. In
adcti(ioa, the clcviccs did not rccovcr after high temperature
anmaliag,  even though tbcy bad bcca irradiatcct  to 1/3 the
radiatioa level ofthc  devices used for high dose-rate  tCSIS.  “]’he.

low ciosc-rate fai Iurc mcchaaism was also very scnsit ivc to dose
rate. AI 0.00S rad(Si)/s  fuactioaal  failure dicl not occur until
approximately 15 krad(Si).  ‘1’his is not only clear cvidcacc of a
cliffcrcnt  iatcrtlal failure mccbaaism, but it also stlggcsts  that the
Iowcr  fttiiurc  level is caused by dose-rate effects ia the bipolar
trarlsislors, lfthc V1,I)I{  failure was caused by MOS transistors,
then the clcviccs sboulcl also fail after high tcrnpcraturc rcbouacl
tests.

‘1’hc  distinct cliffcrcnccs ia the failure level ofdcviccs  tested
a( 0.005 rad(Si)/s  aad 0.002 racl(Si)/s,  may incticatctbat the dose
rate was not sufficiently low to eliminate the dose mtc sctmitiv-
ity. ‘1’hcrcfore,  it is possible that tbcsc coavertcrs will fail at even
10WCI total C1OSC radiatioa  levels whca tbcy arc irradiated at dose
rates below 0.002 raci(Si)/s.  Similarbchavior  has bcm observed
for bipolar Iincar dcviccs  at dose rates below 0.005 rad(Si)/s.  [7]

‘1’he fi~ilurc moclc of this dcvicc at high dose rates was
consist cat with CMOS failure mechanisms. I )cvices recovcrccl
completely aflcr hig}~  tcmpcraturc aancaling, 1 lowcvcr, apply-
iag Mctbod 1019.4 would clearly overt.st imatc the bardaess
ICVCI of this dcvicc. “1’estirl~ at high aacl IOW dose rates provides
a sccoaclary check or] the aclcquacy  of 1019.4 proviclcd  the low
dose rate is suffrcicatly  low to reveal the sccoad  failure nloclc, or
F~ilurc at lower levels than under high dose rate test conditions.
I)osc rate bctwcca  0.1 aaci 1 rad(Si)/s  woulcl  Dot be aclcquatc, but
close rates of 0.02 ract(Si)/s  or Iowcrwould bc cffcctivc plovidcd
(I)c results were properly intcrprctcd,  ‘Ihe key is to compare the
failure moclcs at high and low ctosc rates, aloag with the failure
ICVCIS  under the two different conclitions. lf the failure ]noctc is
diffcrcat  at the lower close rate, it will show that there is a low
dose-rate prob]cm, rccluiring  further iavcstigatioa.

4. A4cC~oy  ()()136  (<~A40,T  <’r~wfaf Oscillatotj

McCoy 16 MI Iz crystal oscillators were tcstcct at 0.002
rad(Si)/s, ‘1’hcsc  arc hybricl devices with at] iatcraal  CMOS
iatcgratcd circuit. Very slight chaagcs ia frcqucaey were
observed at low total dose ICVCIS. ‘1’hc  oscillators failed cata-
strophically at very low mclialioa levels as shows ia K’igurc 11,
No parametric changes occurred prior to catastrophic failures
cxccpt the very slight shifl ia frcqucney.  I)cviccs clicl not recover
duriag room aad high temperature ar~acaling  tests. l’hc cata-
strophic fuactiorlal  failure al low total dose level with \TI ,1)1<,
ir~consistent supply current mcasurcmcnts at the failure level,
and the diffcrcat aaacaliag  response make it clifficult  to usc this
dcvicc ia space applications, unless the rwquircd radiation Icvcl
is below 5 kracl(Si).
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l~igurc 11. McCoy 00136cryslal  oscillator
1 ,1)1{ test rcsull

There were uail-to-uai(  diffcrcnccs in (IIC  failutc level,
raa.ginf,  from 7 to 10 krad(Si). ‘1’hc McCoy oscillator is an
cx:implc of a part with cxlrcmc sensitivity to ioniziag radiation.
IIigh closcratc  tcstitlg alol~g,  with post-raclia(ioa tests will bc
clc~l~c fortl~c fil~all~a]>cr  toscc\vl~ctllcr  Mctl~ocl  1019.4 wouldbc
cffccl ivc for tb is dcwicc or not.

.5. (J,q5[)16([JA4{),Y  ]6-l]it Al~<~

‘Ibis  (lMOS convcr(cr behaved as cxpcclcd  and follmvcd
the conventional CMOS dcvicc radiation degradation mccha-
aism. ‘1’hc low failure ICVCI with a high CIOSC rate of 50 rad(Si)/
s, about 4-5 lcrad(Si),  rccovcry with room tcmpcraturc and high
tcmpmaturc anncalins,,  and an order of magnitude improved
failut-c Ic.vcl with a low CIOSC  rate test, 0.005 rad(Si)/s,  iadicatcd
that the Method 1019.4 would work for this CMOS convcvler.

‘1’hc mos[  critical and scmsitivc parameter, signal-to-noise
r(itio (SNR)  clcgraclccl gradually with incrcasiag lCVCIS  ofraclia-
t ion, as shown in l;igurc 12. At 40 krad(Si),  SNR dccrcascd  by
approximalc]y 7 dll for biasccl clcviccs, Llalikc otbcr electrical
parameters, SNI< ciid not rccovcr after room and high tcrnpera-
tarc anncaliag  tests. [Jabiascd clcviccs showed insignificant
dcgradalicm  in SNR. I)cvices had initial values of SNR that were
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l~igurc 12. [SS016 16-bit  AI)C SNR degradation
with cJosc rate of 0.005 rad(Si)/s.

WCII  above the rniaimum  spccifica(ion  value. lrl ordcrto  account
for variations in initial SN1{ bctwcca dcviccs, some space
applications had 10 usc 80 dll as a post radiation 11A dcsiga
value.

111. 1 )iscussion

‘Iota] close radiatioa degradation depends oa a number of
factors, including bias ccmditions, operating voltages, oxide
thickmss,  physical clcvicc structure, and proccssiag,. Some
tcchaologics  arc also affcctcd bydosc rate. 1 JJW dose rate effects
arc a critical factor in many Iiacar  bipolar integrated circuits, [7-
10] addinp,  furlhcr  difficulty to the already complex problcm of
itltcrprc(irl.g radiation tcs( results. “1’hcsc difficulties car] bc
l~arlicLllar]ysevcrc  itllllixcdtcc}l rlologyclcvices  such as IliCMOS.

Many bipolar op-amps  degrade more severely at low dose
rates with Iittlc or no annealing. 1 lowcvcr,  the AI)847  behaves
quite differently, dcgradir~g severely at high dose rate and
anacaliag  rapidly, cvca al room temperature. Iaput bias current
did not char]gc significantly, but very large c.haagcs  occurred in
iaput offset voltage. ‘Ibis  failure mechanism was not cxpcctcd
for this device. 1,OW dose rate test results indicates tbai dcviccs
are aot affected by low dose rate irradiation. I )iffcrcr~t  physical
structarc of the device compared to the more conventional
bipolar dcviccs  is the major factor for tbc different results.

01’284 and 1,’1’1’211 arc ncw gcncrat ioa high-precision op
amps can bc used in low-voltage, extremely Iow-power applica-
tions. 1 Iowcvcr,  total dose radiaticm degradation is much more
severe at low volta,gc  application, ‘1’his raises anotllcr Issue  for
fat are smaller, I ightcr, aacl low-powered space systems,

A CMOS micropowcr  op amp, 1,MC6462  is another iclcal
candidate dcvicc which would be used in NM I’. Not oaly
parametric frrilurcs were obscrvecl  at low total dose radiation
Icvcl, the functional failure was obscrvccl  at low ICVCI as well.
‘1’he  functior~al  failure rcmainecl  during anealiag. ‘1’his iaclicatcs
that the low dose rate environment would not improve the fttilurc
level ofthis clcvicc.

‘Iota] dosctcstrcsuhsof  a~\i~M~)S  A/I) coavcrtcr,  Mx6’7LlA

elcarly  show that the clevicc has differeat frrilure II1OCICS  at high,
iatcrmcdiatc,  and low dose rates. ‘1’hc failure mcchaaisrn
appears to bc very scnsit  ivc to dose rate effects, probably bccausc
of the bipolar components that arc used ia iatcrnal circuitry of
the dcvicc. “1’otal dose clcgradation  at low dose rate was the same
for biased and ut]hiased cleviccs, but this was not the case for
irradiation at hi.gb dose rate. ‘[’his suggests that bias coaditioa
may bc an additional useful tool for harcincss  assurance.

1 V. 1 larclmss Assurance ‘J’cclmiqucs

Reliability and clcsign assurance are critical tasks for suc-
cessful space missioas. UN’S  devices present a nurnbcr  of
difficulties bccausc  Icss iaformatirm  is available about their
fabrication, and no explicit controls arc present for radiation
tolcraacc. I lardncss  assurance testing of these commercial
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cicviccs is more impor(ant  than ever because of the cxltcmc
sensitivity ofthcsc  clcviccs in radiation mviroamcats.  la many
cases, tests must be done with small satnplc  sizes aacl limitccl
utldcrstaadiag  ofdcvicc  technology information. ‘1’able 1 sunl-
mari~cs the [:[)’1’S  devices with various ciiffcrcat tcchaolcsgies
tcs(ccl for this paper. Most ofthcm  failed at fairly low total CJOSC
ICVCIS  and cannot bc aclcquatcly tested with Method 1019.4.

At this point there is no rcasoa to doubt the applicability of
Method 1019.4 for CMOS dcviccs.  I Imvcvcr,  as notcci by others,
it is not always a reliable approach for bipolar dcviccs, ‘lllc

results fbr the MX674A also show that Method 1019.4 may also
fail for lliCMOS cicviccs. ‘1’hc domiaancc of CMOS failure
modes  at I]ipj]  CJOSC rate for the MX674A  can mask bipolar
fisiilurc  lnoclcs Ihzi( only appear at low dose rate, providing a
mislcaciii]g,  picture of the ai>piicabiiity of the test method. l;or
(XYI’S  cicviccs these is the addccl complication] that it may not
always be possib]c  to get rciiabic it] formation  about device
tcchnolosics.  1 iybrici cicviccs arc J~arlicular{y troublesome bc-
causc ti]cy may contain a mix of bipoiar and CM(N  tcchaolo-
g,ics.

oac alicrnativc approach which is being used at J]’], for
[W ‘S cicviccs uses tests at two ciiffcrcnt  CJOSC rates. ‘1’hc  lower
ciosc rate does not have to bc low cnoupll to climiaate dose-rate
sensitivity, otily to show that the result is incoasistcat with initiai
dose rate tests. ‘1’i~c key to its success is carcfui evaluation of the
results [it the lower dose rate. Specific steps in this proccciurc  arc
outlined below:

1.

2.

3.

I ligll ciosc-rate tcstiag, foliowcci  by anncaiiug as
spccificci  in Mcti]ocl 1019.4

‘1’c.sts at a low dose rate, 0.005 to ().015 rad(Si)/s

(comparisons of failure levels and faiiurc  mocics of
results at the two dose rates

diffcrcat bii>oiar and IliCMOS clcviccs. I)ata will be iacluclcd in
the fuli paper on fifteen different dcvicc tyi~cs where ti~is
aJ~proach has been used. Spccifk  parts include the five parts ia
‘1’able 1, two sample-aad-hold circuits, an additional A/I) con-
verlcr, and several bipolar clcviccs.
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‘1’i~is  approach appears to bc feasible for devices with mocicst
tot[il cioscrcqliircmcnts  (bclow20krad(Si)),  w}]crc the low dosc-
ratc tcsls can bc complctcci  ia rcasrmablct imcpcriods,  but would
not bc approiwiate  for clcviccs that must wilhstaari  very i]igh
ra{iiatioa  levels. 1 ‘l~e apJ>roach appears to work for scvcrai


